Entomopathogenic fungi with high pathogenicity against the brown-winged green bug adult, Plautia stali, were selected from among the 711 isolates of entomopathogenic fungi in our laboratory culture collections including Beauveria, Metarhizium and Paecilomyces genera. For the first screening, a plate assay method, in which stink bugs contacted conidia on their developing plates, was used, and 31 isolates of Beauveria bassiana and 20 isolates of Metarhizium anisopliae were selected. For the second selection, stink bugs were dipped into a conidial suspension, and LC 50 values were estimated from the data of the 7th day after treatments. The results showed that Metarhizium isolates were relatively more virulent than Beauveria isolates. The minimum LC 50 value was obtained from M. anisopliae isolate FRM515, being 6ϫ10 4 conidia/ml. When the suspension of 1ϫ10 7 conidia/ml was used, LT 50 value of the isolate was 4.9 days. The highest pathogenicity of isolate FRM515 in our collections suggests that the isolate would be a potential candidate as a microbial control agent for the stink bug.
INTRODUCTION
The brown-winged green bug, Plautia stali Scotto (Hemiptera: Pentatomidae), is widely distributed in Japan and is known as a serious agricultural pest. In orchards such as peach, pear, persimmon and citrus, the quality of fruits fed on by stink bugs deteriorates, and the economic value is greatly reduced. Even if the fruits are not suitable foods for stink bugs (Shiga and Moriya, 1984) , the bugs develop in the forest and come to the orchards continuously (Moriya, 1996) . Therefore, repeated spraying of chemical pesticides in the orchards is necessary for stink bug control. However, repeated applications of chemical pesticides cause resurgences or development of the secondary pests (Metcalf, 1986) .
With increasing demand for environmentally sound pest control, alternative control materials of the stink bug have been investigated, such as aggregation pheromone (Sugie et al., 1996) , egg parasitoids (Ohno, 1983) , flagellate (Abe, 1993) , symbiotic bacteria (Abe et al., 1995) , picona-like virus (Nakashima et al., 1997; Tsuda et al., 1997a) , and entomopathogenic fungi (Tsuda et al., , 1997c . Rombach et al. (1986) investigated the control of the black bug, Scotinophara coarctra, by using B. bassiana, M. anisopliae and Paecilomyces lilacinus, and these fungi showed similar pathogenicity. On the microbial control of the southern green stink bug, Nezara viridula, the pathogenicity of M. anisopliae against the stink bug was higher than that of B. bassiana (Sosa-Gomez and Moscardi, 1998) . When compared with chemical insecticides, entomopathogenic fungi are relatively slow acting but the effect lasts longer because conidia developing on fungus-killed cadavers have the ability to infect healthy insects. As is well known, bacteria and viruses must be ingested to cause disease, and fungi cause infection by penetrating into the skin of the insect. Since the stink bug is a plantsucking insect, fungi would be a more suitable agent for its control than bacteria and viruses.
The development of a microbial control method against P. stali has been investigated by using B. bassiana (Tsuda et al., , 1997c . However, there has been no report on use the genus Metarhizium or Paecilomyces to control the stink bug. To increase the variety of stink bug-infecting fungi for use as microbial control agents, screening of entomopathogenic fungi with a high pathogenicity against P. stali was examined in this study.
MATERIALS AND METHODS
Insects. Stink bugs were collected from a field in Ibaraki Prefecture and have been maintained for more than 5 years in our laboratory. According to the method of Moriya et al. (1985) , stink bugs were kept at 23°C and a photoperiod of 16L/8D, and were supplied with peanuts, soy beans and distilled water. To obtain more than 100 adult stink bugs per week, 2-ply plastic containers (f90ϫ90 mm) were used as rearing cages (Noda, 1991) . To decrease the effects of inbreeding, eggs from field-collected stink bugs were mixed with reared eggs in early autumn every year at a rate of approximately 10%. Stink bugs within 1-7 days after eclosion were used in this experiment.
Fungi. Seven hundred and eleven isolates of entomopathogenic fungi from our laboratory culture collection were used for screening. These consisted of 290 isolates of Beauveria spp., 339 isolates of Metarhizium spp., and 82 isolates of Paecilomyces spp. Of the 290 isolates of Beauveria, 61 isolates were isolated by a selection medium (Veen and Ferron, 1966 ) from soil samples, and 24 isolates by a baiting method (Yaginuma, 1990 ) using larvae of the peach fruit moth, Carposina niponensis Walsingham and 205 isolates were from insect cadavers. The host insects of Beauveria were variable, however, about half of the isolates were isolated from cadavers of coleopteran insects. Most Metarhizium isolates were isolated from soil samples by a selection medium (Yaginuma and Takagi, 1986) , but four isolates were obtained by the baiting method and four were isolated from insect cadavers. Paecilomyces isolates were isolated by the baiting method (29 isolates) and from dead insects (53 isolates). Except for three isolates, hosts of Paecilomyces isolates were lepidopteran insects.
Sabouraud maltose medium (SMY) containing 4% maltose, 1% peptone and 1% yeast extract solidified with 1.5% agar was used for isolation and cultivation of entomopathogenic fungi. To prevent bacterial growth, ampicillim (50 mg/ml), chloramphenicol (20 mg/ml) and streptomycin (200 mg/ml) were added into SMY. The isolated entomopathogenic fungi were kept at Ϫ30°C as a stock culture after developing conidia on SMY slants at 25°C. Subcultured and developed conidia on SMY at 25°C from the stock culture were used for the following bioassays.
Bioassay. For the first screening, a plate assay using conidia on a plate was done as follows. The conidia developing on a plate containing 0.4% yeast extract and 1.5% agar in a Petri dish (f90ϫ15 mm) was prepared by spreading conidia from subcultured slant and incubation for 10 to 15 days at 25°C in the dark. Ten adult stink bugs were put on the conidia-developing plate for a few minutes where then contacted the conidia. The plate without fungi was used as a control. Stink bugs were transferred into a plastic cup (f70ϫ30 mm) lined with a filter paper, and kept for 10 days at 25°C under conditions of 80-90% relative humidity (RH), 16L/8D photoperiod and were provided peanuts and water. The number of dead stink bugs was checked every 24 h and mycelial growth from dead insects was confirmed by further incubation at 25°C.
For the second screening, a dipping assay was done as follows. Conidia of subcultured slant were inoculated into 50 ml of SMY liquid medium in a 200 ml-Erlenmeyer flask, and incubated for 2-3 days at 25°C with rotary shaking of 200 rpm. Ten milliliters of the culture was put into 50 ml of SMY solid medium in a 300 ml-Erlenmeyer flask and incubated for 10-15 days at 25°C and 16L/8D photoperiod. Conidia, which developed in the flask, were suspended in 15 ml of a solution containing 0.2% Tween80 and 0.89% NaCl, and then the conidial suspension was filtered through a 2-layeredpaper wiper (Kimwiper; Kimberly-Clark Co., Tokyo, Japan) to remove the mycelial fragments and aggregated conidia. The concentration of conidia was determined by a hemocytometer, which was examined under a light microscope. Five conidial suspensions (1ϫ10 4 , 1ϫ10 5 , 1ϫ10 6 , 1ϫ10 7 and 1ϫ10 8 conidia/ml) were used in the bioassay, and 1ϫ10 9 conidia/ml was also used when possible. Ten stink bugs were inoculated by allowing them to walk for 5 min in 1.6 ml of conidial suspension at the bottom of a 50 ml-conical beaker at room temperature. After wiping the excess drops of the suspension on the surface of the stink bugs with a paper wiper, they were transferred into a plastic cup (f70ϫ30 mm) lined with filter paper. Then, they were kept for 10 days at 25°C under conditions of 80-90% RH and 16L/8D photoperiod, and were provided peanuts and water. The number of dead stink bugs was checked every 24 h; the results of the 7th day were subjected to pro-bit analysis (Finney, 1971) and LC 50 values were calculated. To calculate LT 50 values, the probit mortality obtained daily during the experiment regressed against post treatment days. Each treatment was replicated at least twice.
RESULTS AND DISCUSSION

First screening
To select fungi with high pathogenicity against the stink bug, 711 isolates were examined by the plate assay. Fungi were classified into four groups (Table 1) according to the number of days required to reach more than 90% mortality: Class I (4 days or less), Class II (5 to 7 days), Class III (8 to 10 days) and Class IV (more than 10 days). Fungi in Class I, which has 31 Beauveria isolates and 20 Metarhizium isolates, were selected as high pathogenicity isolates. Class IV included non-pathogenic isolates against the stink bug, and about 60% isolates of tested Paecilomyces spp. were classified in this class. Pathogenicity of Paecilomyces spp. by this assay was relatively lower than that of Beauveria spp. and Metarhizium spp., and no Paecilomyces isolates with high pathogenicity were obtained. All Beauveria and Metarhizium isolates with high pathogenicity were identified as B. bassiana and M. anisopliae, respectively, based on their morphologies such as colony shape, colony color and shape and size of conidia on SMY. In the plate assay, mortality of the control after treatment for 10 days was less than 20%.
The origin of all M. anisopliae isolates selected in the plate assay was from the soil using selection medium. Table 2 shows the origin of B. bassiana isolates selected in the first screening. Among 711 isolates supplied to the first screening, 22 were from cadavers of hemipteran insects (Table 1) . Eight isolates of B. bassiana showed relatively higher pathogenicity, but these were not most pathogenic (Table 2 ). These facts suggest that fungi from a host insect would not always have higher pathogenicity against the host insect, and a wide variety of isolates should be examined for the screening of useful fungi.
Since the medium used for the plate assay was nutritionally poor (0.4% yeast extract), fewer conidia developed on that plate than on the SMY plate. However, the amount of conidia of Metarhizium and Beauveria isolates that developed on the poor medium was sufficient for the plate assay. When conidia that formed on SMY were used in the plate assay, we could not differentiate the pathogenicity of the isolates because an excess amount of conidia on the surface of stink bugs caused mortality independent of their pathogenicity (data not shown). In addition, fungi with slight growth and production of only a few conidia on the poor medium would not show high pathogenicity by the plate assay. The fact that no high pathogenicity was detected from Paecilomyces isolates suggests that the medium would not be suitable for culturing.
Second screening
The pathogenicity of 51 isolates selected in the first screening was examined using the dipping method. The LC 50 values of 31 isolates of B. bassiana were from 10 6 to 10 8 conidia/ml ( Table  2 ). The LC 50 values of the M. anisopliae isolates were somewhat lower than those of the B. bassiana isolates; most of the 20 isolates of the former were around 10 6 conidia/ml (Table 3) , which indicates that the pathogenicity of M. anisopliae against the stink bug was higher than that of B. bassiana. The lowest LC 50 value of M. anisopliae was 6.0ϫ10 4 conidia/ml of the isolate FRM515. Thus, the FRM515 isolate was considered to have the highest pathogenicity against the stink bug among the isolates tested.
To adopt entomopathogenic fungi for controlling (8) 113 (7) 54 (1) 92 (3) Metarhizium 339 (1) 20 (0) 221 (1) 46 (0) 52 (0) Paecilomyces 82 (2) 0 (0) 9 (0) 21 (0) 52 (2) stink bugs in orchards, fungi which have high pathogenicity against the stink bug and an ability to kill them quickly should be used because stink bugs continuously invade the orchards from the forest. Tsuda et al. (1997b) reported that the longevity of stink bugs treated with B. bassiana at a concentration of 1ϫ10 9 conidia/ml was 6.2-6.5 days. The average longevity of stink bugs treated with M. anisopliae isolate FRM515 at the same concentration was 4.7 days, which indicates that isolate FRM515 has possibility as a suitable agent for stink bug control.
Although B. bassiana isolate FRB276 showed the shortest time to attain more than 90% mortality on the plate assay (Table 2) , comparatively low pathogenicity of the isolate FRB276 was observed from the dipping assay (Table 3) . Sosa-Gomez et al. (1997) indicated that the germination of conidia on the surface of the stink bug was suppressed by cuticle components such as (E)-2-decanal. A rather high LC 50 value of isolate FRB276 suggests the possibility that the adhesion of an excess amount of conidia on the surface of stink bugs is needed for efficient infection of Beauveria isolates.
To eliminate any inaccuracy of the bioassay caused by age or sex of stink bugs, the effects of 498 F. Ihara et al. log(conidia/ml) (days) FRB049 Hemiptera (PS) 4 7.3 (5.4-16.9) 7.7 (6.5-9.6) FRB062 Soil (CN) 4 7.0 (5.9-7.9) 7.5 (6.1-9.6) FRB074 Soil (SB) 4 6.2 (5.4-6.8) 8.1 (5.6-14.0) FRB097 Hemiptera 4 7.1 (6.4-7.9) Ͼ10 FRB102 Coleoptera 3 Ͼ8.0 Ͼ10 FRB113 Coleoptera 4 7.4 (6.1-8.1) Ͼ10 FRB150 Soil (SB) 4 7.1 (6.8-7.7) Ͼ10 FRB165 Soil (CN) 4 6.8 (6.0-7.7) 5.3 (4.6-6.1) FRB173-4 Hemiptera (PS) 4 7.7 (6.3-10.7) 7.9 (6.2-11.0) FRB205 Lepidoptera 4 5.7 (3.3-7.1) 5.0 (4.3-5.8) FRB207 Coleoptera 4 7.0 (6.1-7.9) 7.2 (6.4-8.1) FRB237 unknown 4 Ͼ8.0 Ͼ10 FRB239 Coleoptera 4 6.9 (6.4-7.4) 6.3 (5.3-7.6) FRB249 Hemiptera 4 6.6 (5.7-7.2) 7.4 (6.5-8.5) FRB251 Coleoptera 4 7.7 (7.1-8.2) 8.4 (6.9-10.9) FRB252 Hemiptera 4 6.8 (5.9-7.7) 7.7 (6.2-10.6) FRB253 Hemiptera 4 7.2 (6.6-8.1) 9.2 (7.5-12.4) FRB267 Diptera 3 6.6 (6.1-7.1) 6.8 (6.0-7.7) FRB273 Coleoptera 4 7.5 (7.0-8.0) Ͼ10 FRB276 Orthoptera 2 7.2 (6.7-7.6) Ͼ10 FRB278 Hemiptera 4 7.3 (6.8-7.8) Ͼ10 FRB279 Coleoptera 3 7.8 (6.7-11.4) 8.3 (6.1-13.0) FRB285 Hymenoptera 3 7.5 (7.0-8.0) 7.9 (6.6-9.8) FRB286 Hemiptera 4 7.3 (5.9-9.0) Ͼ10 FRB297 Coleoptera 4 7.3 (6.7-7.9) 6.4 (5.7-7.3) FRB299 Coleoptera 4 6.2 (5.0-7.1) Ͼ10 FRB302 Coleoptera 4 6.2 (5.6-6.7) 6.2 (5.5-6.9) FRB308 Coleoptera 4 7.8 (7.3-8.5) 8.5 (7. age and sex on pathogenicity were examined. In the bioassays using conidial suspensions (10 8 conidia/ml) of isolates FRB205 or FRM515, the age of stink bugs varied from 1-7 days after eclosion. LT 50 values of isolate FRB205 and isolate FRM515 were within 3.9-5.3 days and 3.9-4.5 days, respectively. To test the sexual effects of the stink bug on susceptibility against entomopathogenic fungi, 10 7 conidia/ml of isolate FRM515 were used for the dipping assay. Male and female LT 50 values were 5.0 (4.5-5.3, 95% FL) and 5.3 (4.7-6.0, 95% FL) days, respectively. When 10 7 conidia/ml of the FRB205 isolate was used, male and female LT 50 values were 5.2 (4.5-6.1, 95% FL) days and 5.5 (4.5-6.1, 95% FL) days, respectively. The results indicated that the stink bugs used in the bioassay had consistent susceptibility to entomopathogenic fungi.
Most stink bugs have defense materials such as hexenal and its derivatives to protect themselves from predators (Kitamura, 1980) , but could be poisoned by these when released (Hirano, 1969) . When stink bugs release defense materials during dipping in conidial suspension, they are killed by their own products rather than by infection of entomopathogenic fungi (data not shown). The finding is a serious obstacle to testing the pathogenicity of entomopathogenic fungi by means of the dipping method. To avoid this problem, the volume of conidial suspension used was 1.6 ml in a 50 ml conical beaker. Stink bugs could walk on the bottom of the beaker, and seldom released defense materials at that volume despite the presence of conidial suspension. In addition, the fact that the frequency of releasing defense materials by reared stink bug is less than that of those in the field (Moriya et al., 1985) also facilitates this bioassay.
Since field-collected stink bugs release defense materials more easily than laboratory reared ones, we could not use field collected bugs for the bioassay. When field-collected stink bugs were used, many individuals died within a few days regardless of conidial concentration (data not shown). Although the dipping time of the bioassay was shortened to 10 s, stink bugs died quickly. This suggested that the container used to maintain field-collected stink bugs after dipping into conidial suspension should be changed to individual containers as in the method of Tsuda et al. (1997c) or a much wider cup.
In the present experiments, we selected a stink bug pathogenic fungi with two screening methods, and M. anisopliae isolate FRM515 was found to be the isolate with the highest pathogenicity. Further studies should be undertaken to adopt isolate RFM515 as a microbial insecticide. In addition, a study to determine the best way to have the stink bugs contact the fungus at high efficiency in the field is necessary. Since the aggregation pheromone of stink bugs has been identified as methyl (E,E,Z)-2,4,6-decatrienoate (Sugie et al., 1996) , the autoinfection system, which is a combination of pheromone and entomopathogenic fungi, tested for sweet potato weevils (Yasuda, 1999) would be practicable for the microbial control of stink bugs. 
